Background: Gastric cancer (GC) is among the most common forms of cancer affecting the digestive system. This study sought to identify hub genes regulating early GC (EGC) in order to explore their potential for early diagnosis and prognosis of patients. Methods: We utilized a publically available dataset from the Gene Expression Omnibus database (GSE55696). Differences between EGC and LGIN with respect to gene expression were compared using the limma software. Identified differentially expressed genes (DEGs) were subjected to gene ontology (GO) and pathway enrichment analyses with the DAVID application, and the STRING website and Cytoscape software were used to construct a protein-protein interaction (PPI) network incorporating these DEGs. This network was in turn used to identify hub genes among selected DEGs, which were analyzed with the Kaplan-Meier Plotter database. In addition, Western blotting, qRT-PCR, immunohistochemistry, and UALCAN were all employed to validate the relationship between the expression of these genes and GC patient prognosis. Results: A total of 482 DEGs were identified, with GO analyses indicating an increase in the expression of genes linked with the development of cancer. Pathway analyses also indicated that these genes play a role in certain cancer-related pathways. The PPI network highlighted four potential hub genes, of which only ICAM1 was linked to a poor GC patient prognosis. This link between ICAM1 and GC patient outcomes was confirmed via UALCAN, Western blotting, immunohistochemistry, and qRT-PCR. Conclusion: ICAM1 may therefore modulate tumor progression in GC, thus potentially representing a valuable prognostic and diagnostic biomarker of EGC.
Introduction
Gastric cancer (GC) remains one of the most common forms of digestive system tumors, and the third leading cancer-associated cause of death according to GLOBOCAN2018. Approximately 10,000,000 new GC cases were diagnosed in 2018, with 783,000 people having died of the disease, which occurs twice as often in men as it does in women. 1 GC is the third most common form of cancer in China and the second most prominent cause of cancer-associated mortality. 2 This mortality often results from a failure to detect early GC (EGC), as current diagnostic strategies primarily depend upon endoscopic examination, imaging, and serology, [3] [4] [5] with most analyzed patients already being in the advanced stages of disease when subjected to these analyses. In China, GC has a 5-year survival rate of 35 .9%, which is lower than rates in Japan and South Korea (60.3% and 68.9%, respectively). This is largely explained by the much higher rates of EGC diagnosis and detection in Korea and Japan. 6, 7 As such, there is a clear need for the more reliable detection of EGC through the use novel biomarkers of this disease.
A common current strategy for analyzing tumorassociated gene expression depends upon the use of microarray and bioinformatics analytical approaches. Through such strategies, Li et al identified CLO4A1 as a potential biomarker of recurrent GC. 8 Yan et al also found COL1A1, MMP2, FN1, TIMP1, SPARC, COL4A1, and ITGA5 to all represent potential GC biomarkers. 9 These biomarker identification strategies, however, largely depend upon comparisons between normal tissue and advanced GC tissue samples, making them of limited utility when guiding EGC diagnosis. The WHO reclassified gastric cancers in 2010 into low-grade intraepithelial neoplasia (LGIN), high-grade intraepithelial neoplasia (HGIN), EGC, and GC categories, although controversy regarding the definition of these different disease states remains. 10 For example, researchers in Japan posit that as HGIN tumors exhibit dysplasia, they are better classified as instances of EGC. 11 Such discrepancies may further explain the increased rates of EGC detection in Japan. In the present study, to better identify genes associated with the earliest stages of GC differentiation and progression, we classified HGIN as a form of EGC in line with these Japanese criteria, and we then compared gene expression between EGC and LGIN in a publically available dataset in an effort to detect differentially expressed genes (DEGs) linked to GC patient outcomes.
For this study, we utilized the available GSE55696 12 dataset uploaded in the Gene Expression Omnibus (GEO, https://www.ncbi.nlm.nih.gov/) database. This dataset incorporated gene expression results from endoscopic biopsy tissue samples from patients diagnosed with LGIN, HGIN, or EGC. After pooling HGIN and EGC data, we used the limma package as a means identifying DEGs between the EGC and LGIN groups. The resultant DEGs were then subjected to gene ontology (GO) and pathway enrichment analyses to better explore their biological roles. We further generated a protein-protein interaction (PPI) network for these genes to highlight central hub genes. We then used the Kaplan-Meier Plotter (http://kmplot.com/analysis/) database to assess how these hub genes were linked to GC patient outcomes. We additionally classified the clinical relevance of these hub genes based upon an online database in an effort to identify potentially novel biomarkers of EGC that may permit earlier patient diagnosis and prognostic planning.
Materials and Methods

Microarray Data
GSE55696 data were downloaded from GEO, which compiles large amounts of publically-available gene expression data, including high-throughput microarray data. 13 The chosen study had employed the GPL6480 Agilent-014850 Whole Human Genome Microarray 4x44K G4112F for their analyses, and included a total of 19 LGIN, 20 HGIN, 19 EGC, and 19 chronic gastritis tissue samples.
DEG Identification
After downloading the GSE55696 series matrix file, we omitted chronic gastritis samples from further analyses owing to their unclear definition, and we combined EGC and HGIN samples prior to comparing this aggregate EGC group to the LGIN group using the limma, impute, and heat map R packages derived from bioconductor (http://bioconductor.org/biocLite.R). In cases where there were multiple probes for a single gene, mean values were used. DEGs were those with P < 0.05 in a t-test and a [logFC] > 1.
Functional and Pathway Enrichment Analyses
GO analyses allow for exploration of the functional roles of sets of genes, 14 while KEGG analyses allow for exploration of the pathways in which such genes may function. 15 We conducted these two forms of analyses on our identified DEGs using the DAVID (https://david. ncifcrf.gov/) tool, which allowed for comprehensive functional annotation. 16 Significant enrichment was said to be evident when P < 0.05.
Hub Gene Identification
The PPI network was constructed based on predicted interactions in the online STRING database (https:// string-db.org/). 17 We uploaded all 482 DEGs in the present study to yield an initial PPI, and then visualized this network using Cytoscape Version 3.7.1. Next, cytoHubba was used to rate the network, with the top 10 genes rated according to their Degree, Closeness, and Betweenness scores being the candidate hub genes. 
Hub Gene Survival Analyses
To analyze the relevance of identified hub genes to GC patient survival, we separated patients into hub gene-high and -low groups based on median expression levels, and then used the online Kaplan-Meier Plotter database to compare GC patient outcomes. 18 Differences in survival based on hub gene expression were assessed via Log rank test, with P<0.05 as the significance threshold. Using this approach we were able to identify those genes associated with a poorer GC prognosis.
ICAM1 Hub Gene Validation in GC Using UALCAN
To confirm the relevance of the identified hub gene ICAM1 in GC, we employed the online UALCAN (http://ualcan. path.uab.edu/) tool that allows for comparisons of gene Up-Regulated S100A12, S100A8, S100A9, LST1, FPR1, FCGR3A, MNDA, NFE2, FCGR2A, CLEC4E,SELM, CMTM2, ADGRE3, AQP9, CCL4, FCN1, TNIP3, FMNL1, TRIB3, VNN2, TYROBP, BEST1, LRRK2, CCL3, CARD9, CLEC4A, FGR, LILRB3, FAM49A, CFP, CXCR1, G0S2, FAM65B, LILRB2, CMTM7, LINC-PINT, RNASE2, PYGL, FCGR1B, NCF2, CXCR2P1, NCF1, ITIH4, GBP5, IL7R, LY96, SPI1, IL21R, OSM, CSF3R, PPBP, IGSF6, LGALS2, SOD2, CXCR4, DEFA3, ACSS3, ADAM8, SNHG6, TREM1, ADGRE2, CAMP, TNFAIP2, CD28, UAP1L1, APOE,RGS18, HBD, DUOXA1, HBA2, IFITM3, CLEC4D, FADS1, SLC2A6, FSTL3, MMP9, GLT1D1, CXCR2, S1PR4, CXCL2, ICAM1, LINC01410, SIGLEC10, KLHL17, TLR8, PLEK, CTHRC1, CSF2RA, HBA1, PTPRC, RAB42, BCAS4, MMP25, LINC01094, TNFAIP6, HLA-DPB1, PLTP, PAQR5, CCL3L3, MILR1, FKBP10, C5AR1, MFAP2, LOC100507460, MCEMP1, FAM198A, NEU1, RGS1, LOC107987020, TNFRSF10C, ADAMDEC1, PABPC1L, SPP1, TPM2, LAMP3, PTGS2, LY6E, RELL2, ZBTB32, REC8, PTGDS, AIM2, PDPN, SPRR1B,NNMT, EGFL6, SRGN, CXCL1, ITGA4, PDZK1IP1, APOC1, LCN2, HOXC10, HBB, EGR3, LOC284454, HLA-DRB1, BAAT, CCR7, MUCL1, LRGUK, FIGF,LRRC39, PARVB, LILRA2, C3, DPYSL4, CXCL3, KRT23, HOXC13, FPR2, MIR503HG, CCL20, C4B, ALAS2, PP7080, TRAT1, ZBP1, BMP7, LINC01296, PTCHD1, P2RX5, IRX2, CYB5R1, CATSPERB, LOC155060, CD70, UCHL1, BIRC3, HLA-DRB3, SPNS1, IFI6, SLC22A31, CARD14, ABCA12, KLHL6, ATP6V0A4,  KCNIP3, FBXO2, INHBA,TMEM213, CLDN6, VEPH1, PLA2G7, ZNF556, TSPOAP1-AS1, CD72, CYR61, DUOX1, CP, IGHG4,   HOXC11, BNIP3, ZBED2, CDIPT-AS1, LYPD2, CD79B,CYP2A7P1, CKLF-CMTM1, CHI3L2, CXCL9, LINC00886, IDO1, SAA4,  CHI3L1, ATP6V1C2, PF4, KRT6C, UBD, IFI44L, SYNDIG1, PI3, COL8A1, CLECL1, CHRDL2, CETP, TNFRSF6B, PRAME, HBG1,   IGF2BP3, DUOX2, FOXC1, POTEG, FGG, HOXC-AS3, POTED, CXCL13, SMKR1, LGSN, POTEB3, IL19, IL13RA2, HS3ST2,   PCOLCE2, APOBEC3A, FXYD4, ACTL8, GTSF1, CD19, DSCR8, DDX43, KRT6A, SERPINA5, LY6K, GABRB3, KIAA1324L,  CT45A5, ST8SIA6-AS1, SIX1, FOSB, MAGEA9, SERPINA3, OSR2, FOLR1, CSAG1, CTAG2, MAGEA1, DKK1, BPIFB1, OGDHL expression data and clinical data across 31 forms of cancer. 19 Differences in gene expression were compared between groups via t-tests, with P<0.05 as the significance threshold, and we explored how ICAM1 expression related to GC patient clinical findings. 
qRT-PCR
Immunohistochemistry
Tissue samples from chronic superficial gastritis, LGIN, HGIN, EGC, and GC patients collected between 2018 and 2019 and held in the Guangxi Medical University Cancer Hospital specimen library were used for IHC experiments. The same ICAM1 antibody used for Western blotting was used for IHC at a 1:50 dilution, with a biotin donkey-antirabbit antibody (AP182B) (1:500; Millipore, Billerica, MA, USA) used for secondary detection. The IHC staining procedure was as follows: samples were warmed at 60°C for 4h, dewaxed with xylene, rehydrated using an ethanol gradient, treated EDTA (50x) for antigen repair, subjected to an endogenous peroxidase blocker (PV-6000, BAOXIN BIO, China), and then warmed for 10 min to 37°C prior to rinsing using PBS. Samples were then probed overnight with primary antibodies at 4°C, warmed for 15 min to 37°C, rinsed in PBS, stained with secondary antibody for 20 min at 37°C. DAB was used for development of staining, and samples were then counterstained with hematoxylin, differentiated with hydrochloric acid alcohol, dehydrated, dried, and sealed before analysis. 
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Results
DEG Identification
In order to screen for meaningful biomarkers in EGC, using the R limma package and the p < 0.05 and [logFC] > 1 cut-off criteria, we detected a total of 482 DEGs when comparing the EGC and LGIN datasets ( Figure 1A ). Of these genes, 270 were upregulated and 212 were downregulated (Table 1) . We further generated a heat map of the top 50 DEGs using an appropriate R package ( Figure 1B ).
GO and KEGG Analyses
In order to clarify the role of these DEGs in the progression of GC, we needed to immediately predict the functional role of these genes. We next conducted GO and KEGG pathway analyses on these 482 DEGs. GO analyses revealed upregulated DEGs to be enriched for terms including "inflammatory response", "extracellular region", "immune response", "extracellular space", and "neutrophil chemotaxis" (P < 0.05) ( Table 2 ). In contrast, downregulated DEGs were enriched for terms including "hormone activity", "peptide hormone processing", "secretory granule", "fibrinolysis" and "neuropeptide signaling pathway" (P < 0.05) ( Table 2 ). In the pathway enrichment analyses, upregulated DEGs were shown to be enriched for pathway terms including "cytokine−cytokine receptor interaction", "chemokine signaling pathway", and "staphylococcus aureus infection" (P < 0.05) (Figure 2A) , whereas downregulated DEGs were enriched for pathway terms including "chemical carcinogenesis", "metabolism of xenobiotics by cytochrome P450", and "drug metabolism − cytochrome P450" (P < 0.05) ( Figure 2B ).
PPI Network Analysis
It is well known that a gene can directly or indirectly affect another gene to exert a biological role. After clarifying the functions of these genes, we were more concerned about genes that play a pivotal role. We next used the STRING and Cytoscape tools to construct and visualize a PPI network for these DEGs. The final network was made up of 316 nodes and 1816 edges following irrelevant node deletion ( Figure 3A) , with 166 DEGs not falling within this network. The cytoHubba plugin was next used to rate the entire network, with the top 10 genes based on Degree, Closeness and Betweenness identified as potential hub genes (Table 3) . Based on the overlap between these three profiles ( Figure 3B ), we identified 4 overlapping potential hub genes:
MMP9 (matrix metallopeptidase 9), ICAM1 (intercellular adhesion molecule 1), TLR8 (toll-like receptor 8), and PTPRC (protein tyrosine phosphatase receptor type C).
Hub Gene Survival Analyses
However, based on the practicality of clinical guidance, we needed to find genes in these hub genes that could promote gastric cancer and could be used for survival prediction. We next used the Kaplan-Meier Plotter database to explore how these hub genes related to GC patient survival. Of these genes, we found all 4 to be significantly differentially expressed (p<0.05), but only elevated ICAM1 expression was linked to a poorer GC patient prognosis (HR=1.51, 95％CI:1.26-1.81, P=9.6e-06) (Figure 4 ).
The Association Between Elevated ICAM1 and GC Patient Clinicopathological Features
Although the application of bioinformatics has given us directions, we still needed to combine sample verification to provide guidance for clinical research. Using IHC, we found ICAM1 expression in GC tissues to be primarily localized to cell membranes ( Figure 5A and B) . We further found ICAM1 to be highly expressed in GC tissue samples ( Figure 5B and C), consistent with TCGA findings (p<0.05; Figure 5D ). To confirm that ICAM1 expression was linked to the clinical features of GC, we next explored this relationship in the online UACLAN database. We found ICAM1 expression to be unrelated to gender (p=7.740800E-1; Figure 5E ) or race (p=6.050600E-01, p=4.357800E-01, p=9.113600E-01) ( Figure 5F ).
Discussion
GC remains one of the most common types of cancer in China, 21 and yet owing to its lack of early-stage symptoms patients are often not diagnosed until the disease is already significantly advanced, leading to a poor prognosis. 22 In a retrospective analysis of GC patients in Japan, a 5-year survival rate of 71.1% was detected among 118,367 GC patients following surgical resection, with respective 5-year survival rates for those with pathological IA, IB, II, IIIA, IIIB, and IV GC of 91.5%, 83.6%, 70.6%, 53.6%, 34.8%, and 16.4%. 23 This suggests that the best means of improving GC patient outcomes is by detecting GC while it is in its early stages. By better exploring the molecular mechanisms governing the development of GC, it will be possible to better detect and diagnose EGC. Previous research has highlighted DovePress a number of genes associated with GC. [24] [25] [26] The specific molecular mechanisms governing this disease, however, are complex, and as such further data mining efforts are needed to identify relevant candidate biomarkers for GC diagnosis.
In this study, we used the GSE55696 dataset to explore gene expression in EGC, comparing differences between EGC (pooled with HGIN) and LGIN and thereby identifying 270 and 212 up-and down-regulated genes, respectively.
We conducted GO analyses to gain better functional insights into the roles of the DEGs detected through this approach. This strategy revealed upregulated DEGs to be enriched for GO terms including "inflammatory response", "extracellular region", "immune response", "extracellular space", and "neutrophil chemotaxis". Inflammation is a very important factor linked with GC progression and prognosis. 27, 28 The immune response is also associated with GC to some degree. 29 We further found downregulated DEGs to be enriched for GO terms such as "hormone activity", "peptide hormone processing", "secretory granule", "fibrinolysis", and "neuropeptide signaling pathway". Neuropeptides are known to drive oncogenesis in response to inflammation through enhanced proliferation of epithelial cells. 30 Fibrinolysis is associated with D-dimer production, with Lan et al having observed higher D-dimer levels in the plasma of GC patients relative to healthy controls in a manner correlated with depth of invasion, tumor size, lymph node metastasis, and TNM stage. 31 In our pathway enrichment analysis, we found upregulated DEGs to be involved in "cytokine−cytokine receptor interaction", "chemokine signaling pathway" and "staphylococcus aureus infection". Chemokines are known to control cell migration in the context of inflammation, and prolonged inflammation can create a microenvironment conducing to the growth of tumors. 32, 33 DEGs downregulated in this study were linked to "chemical carcinogenesis", "metabolism of xenobiotics by cytochrome P450", and "drug metabolism − cytochrome P450". This is consistent with previous research. [34] [35] [36] These functional enrichment analyses gave us a clear understanding of the potential functions of these DEGs in the development of GC, which also suggested the importance of finding hub genes among these genes.
Using a PPI network, we identified 4 candidate hub genes among these DEGs -MMP9, ICAM1, TLR8, and PTRC. These genes were highly expressed in EGC tissue samples but not in LGIN samples. Of these found genes, only ICAM1 was significantly associated with a poor GC patient prognosis, suggesting it may serve an oncogenic role. The discovery of this result gave us the enlightenment: ICAM1 regulates the occurrence of GC directly or indirectly, and may be used as a biomarker for the diagnosis of EGC. Of course, we need a larger sample for verification.
Since ICAM1 has a biological role in regulating the occurrence of gastric cancer, we were also interested in whether ICAM1 could be used as a marker for evaluating the prognosis of patients with EGC. ICAM1, also known as CD54, 37 is an immunoglobulin superfamily (IGSF) member containing immunoglobulin-like domains of 90-100 amino acids in length. 38 ICAM1 is a key adhesion molecule that can vary substantially in size according to its glycosylation status. 39, 40 It is also a key regulator of tumor progression, and it has been found to be upregulated in many tumor types including breast, kidney, and pancreatic cancers. [41] [42] [43] Our findings are in line with previous work exhibiting significantly increased ICAM1 levels in EGC relative to LGIN. ICAM1 plays tissue type-specific roles, with positive ICAM1 expression in breast cancer being negatively correlated with tumor size, lymph node metastasis, and tumor invasion. 44 In contrast, Huang et al found IL-35 to drive PDAC metastasis via promoting ICAM1 overexpression, 45 and Di et al determined that inhibiting ICAM1 significantly impaired breast cancer cell metastatic activity. 42, 43 In this study, we found that high ICAM1 expression was evident in GC patient tissues, and was linked with a poorer GC patient prognosis. This expression was not associated with patient gender or ethnicity. This suggests ICAM1 has the potential to be used as an independent prognostic biomarker of EGC, in addition to playing a role in disease progression. But this also required a large number of samples for diagnostic tests.
In this report, we identified 482 genes differentially expressed between EGC and LGIN tumor samples, among which ICAM1 was prominent. Enrichment analyses revealed the identified DEGs to be associated with pathways known to be relevant in cancer. Using a PPI network, we identified ICAM1 as a gene associated with GC patient prognosis and survival, with elevated expression of ICAM1 being present in GC patients regardless of race or gender. This suggests that ICAM1 may play a role in GC progression, and may be a valuable early biomarker with diagnostic and prognostic relevance.
Study Limitations
This study has many limitations, including its limited number of samples analyzed and the lack of detail regarding the mechanisms by which ICAM1 is expressed in GC. Future studies focused on these underlying mechanisms in a larger cohort of samples are thus needed.
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